A modified augmented proportional navigation (MAPN) guidance law is proposed for the extra-atmospheric vehicle by using the adaptive extended Kalman filtering(AEKF) observer to estimate the target maneuver acceleration. The traditional Proportional Navigation (PN) guidance law has higher accuracy, in fact, it has been shown that PN is optimal solution for a stationary target. But for highly maneuvering targets, the accuracy of traditional PNG guidance law may sharply degrade. The Augmented Proportional Navigation (APN) guidance law add an acceleration compensation of the target which is introduced on the basis of PN guidance law to overcome the effect of the acceleration on the guidance accuracy. However, the target maneuver acceleration can not acquired directly with measurement, and a new method to estimate the target maneuver acceleration is established via the adaptive extended Kalman filtering(AEKF) observer in this paper. Mostly, APN law is powerful and useful for maneuvering target intercept, but the observability of the filter becomes depressed and divergent. In order to improve the observability of the system, the MAPNG law is derived by adding the line-of-sight (LOS) information into the APN. Simulation results indicated that, for homing against maneuverable targets, the MAPN guidance law is better than the PN guidance law in the following aspects：the higher guidance accuracy; the lower miss distance and the shorter interception time. It shows that the new guidance law provides significant performance improvements over the commonly used classical proportional navigation law.
Introduction
Extra-Atmospheric Vehicle has an enormous, yet untapped potential as steady platform for monitoring and collision on missile-target, the research and exploitation of which have become a hot spot at home and abroad in recent years.
The PN guidance law has been analyzed very extensively in the literature (1) - (6) . Most guidance schemes in the literature are based on the principle of PN whose logic is to null the LOS rate by making missile heading rate proportional to the LOS (line of sight) rate while closing in on range (7) . Indeed, PN was shown to be optimal for linearized engagement equations in constant speed missile and static target intercept scenarios. However, its performance sharply degrades in the presence of rapidly maneuvering or fast moving targets. In order to overcome miss distance problems in the presence of large target maneuvers, several modifications in the form of a bias added to PN for target acceleration compensation are suggested. One form of modification is the well known APN, where the commanded acceleration is a linear function of target acceleration as well (8) . But the target maneuver acceleration can not get directly, and is estimated via the AEKF observer. In order to improve the observability of the system, the MAPNG law is derived by adding the line-of-sight into the APN. Maneuvering target models are tested for performance comparison of the MAPN guidance with the PN guidance law.
Extra-Atmospheric Vehicle Model

Propulsion System
The extra-atmospheric vehicle is shown in figure 1 . The engine numberd in 5~10 is used for attitude control, and the 1~4 is the orbit control engine. 
Kinematics Equations and Dynamic Equations
The kinematics equations and dynamic equations is expressed in the inertial reference frame as follows, 
Estimation of the Maneuvering Target Acceleration
When comes to the terminal guidance, there only has the line-of-sight angle information provided by the infrared seeker, and the information of target maneuver acceleration used in guidance law was estimated via the observer by using the angle information provided by the infrared seeker.
The AEKF algorithm was used in estimating the maneuvering target acceleration, and the AEKF algorithm are given by equations from(5) to (10) .
In the observer design, the target maneuver was viewed as external disturbance input, so it was not necessary to construct a target maneuver model in the design of the observer, and no statistical assumption was made on target maneuver. By introducing the adaptive fading factor, the AEKF algorithm limits the memory length and full uses the current measurement data, greatly enhance the filtering tracking performance, and it has better robustness than the traditional KF algorithm （9） . 
Control System Design
The control system consist of attitude control system and orbit control system, the attitude control system used PID controller and the orbit control system used augmented proportional navigation method. The conrol logic is designed for attitude control engine and orbit control engine with fixed thrust. The control system frame is shown in figure 3 . In the same way, we can get the control law of the roll and the yaw channel 
Simulation
Noting that there consists coupling between different channels, the control inputs are added in three channels in the same time（pitch angle 15°，yaw angle 10° and roll angle 5°）, and the step responses are shown in figure 
Orbit Control System Design
Target Motion Equation and the PN Method
The equations of the target motion towards the extra-atmospheric vehicle is expressed in the target-line of sight frame (4) 
Engine Control with the Fixed Thrust
The control law of the orbit control engine is designed based on the targer motion equation as follows, ( )
If the requied engine conrol input F y is bigger than the fixed thrust P 0 , y 0 F P > , the orbit control engine is working, until the conrol input is lower than the fixed thrust, y 0 F P < ，the orbit control engine is closed, 0 y F = .
In the same way, we can get the control law of the other channel:
MAPN Method
The traditional PN guidance law has higher accuracy. But for highly maneuvering targets, the accuracy of traditional PN guidance law is still not enough. An APN guidance law is designed, an acceleration compensation of the target is introduced on the basis of PN guidance law to overcome the effect of the acceleration on the guidance accuracy. The structure of the APN is given by (10) 
Simulation Resul
The simulations are run for both using the PN method and APN method. The guidance methods are compared for two methods. Miss distance and simulation duration performances of the methods are given in Table 1 According to the results obtained, for homing against maneuverable targets, the MAPN guidance law is better than the PN guidance law in the following aspects ： guidance accuracy is higher, miss distance is lower, interception time is shorter. And the new guidance law provides significant performance improvements over the commonly used classical proportional navigation law. 
Conclusions
A new method for missile guidance law is suggested in this work to improve the effectiveness of PN guidance law against fast maneuvering targets. The extra-atmospheric vehicle model is established, and then the control system including attitude control system and orbit control system are designed.
For highly maneuvering targets, the APN guidance law is powerful, an important advantage of APN guidance methodology is that an acceleration compensation of the target is introduced on the basis of PN guidance law to overcome the effect of the acceleration on the guidance accuracy, but the target maneuver acceleration can not get directly, and is estimated via the AEKF observer of which the observability becomes depressed when use the APN method. In order to improve the observability of the system, the MAPN guidance law is derived by adding the LOS angle information into the APN guidance law.
Simulation results shows that for maneuvering vehicle interception, proposed new guidance formulation have improved performance outputs than PN guidance law.
